X-ray structures of 4-chlorocatechol 1,2-dioxygenase adducts with substituted catechols: new perspectives in the molecular basis of intradiol ring cleaving dioxygenases specificity.
The crystallographic structures of 4-chlorocatechol 1,2-dioxygenase (4-CCD) complexes with 3,5-dichlorocatechol, protocatechuate (3,4-dihydroxybenzoate), hydroxyquinol (benzen-1,2,4-triol) and pyrogallol (benzen-1,2,3-triol), which act as substrates or inhibitors of the enzyme, have been determined and analyzed. 4-CCD from the Gram-positive bacterium Rhodococcus opacus 1CP is a Fe(III) ion containing enzyme specialized in the aerobic biodegradation of chlorocatechols. The structures of the 4-CCD complexes show that the catechols bind the catalytic iron ion in a bidentate mode displacing Tyr169 and the benzoate ion (found in the native enzyme structure) from the metal coordination sphere, as found in other adducts of intradiol dioxygenases with substrates. The analysis of the present structures allowed to identify the residues selectively involved in recognition of the diverse substrates. Furthermore the structural comparison with the corresponding complexes of catechol 1,2-dioxygenase from the same Rhodococcus strain (Rho-1,2-CTD) highlights significant differences in the binding of the tested catechols to the active site of the enzyme, particularly in the orientation of the aromatic ring substituents. As an example the 3-substituted catechols are bound with the substituent oriented towards the external part of the 4-CCD active site cavity, whereas in the Rho-1,2-CTD complexes the 3-substituents were placed in the internal position. The present crystallographic study shed light on the mechanism that allows substrate recognition inside this class of high specific enzymes involved in the biodegradation of recalcitrant pollutants.